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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Imatinib, a tyrosine kinase inhibitor, exhibits a

competitive inhibition on the CYP450 2D6 isozyme with
a Ki value of 7.5 mM. However, the clinical significance of
the inhibition and its relevance to 2D6 polymorphisms
have not been evaluated. The pharmacokinetics of
imatinib have been well studied in Caucasians, but not
in a Chinese population.

• Metoprolol, a CYP2D6 substrate, has different clearances
among patients with different CYP2D6 genotypes. It is
often used as a CYP2D6 probe substrate for clinical
drug–drug interaction studies.

WHAT THIS STUDY ADDS
• Co-administration of imatinib at 400 mg twice daily

increased the plasma AUC of metoprolol by
approximately 23% in 20 Chinese patients with chronic
myeloid leukaemia (CML), about 17% increase in
CYP2D6 intermediate metabolizers (IMs) (n = 6), 24% in
extensive metabolizers (EMs) (n = 13), and 28% for the
subject with unknown 2D6 status (n = 1) suggesting
that imatinib has a weak to moderate inhibition on
CYP2D6 in vivo.

• The clearance of imatinib in Chinese patients with CML
showed no difference between CYP2D6 IMs and EMs,
and no major difference from Caucasian patients with
CML based on data reported in the literature.

AIMS
To investigate the effect of imatinib on the pharmacokinetics of a CYP2D6
substrate, metoprolol, in patients with chronic myeloid leukaemia (CML).
The pharmacokinetics of imatinib were also studied in these patients.

METHODS
Patients (n = 20) received a single oral dose of metoprolol 100 mg on day 1
after an overnight fast. On days 2–10, imatinib 400 mg was administered
twice daily. On day 8, another 100 mg dose of metoprolol was administered
1 h after the morning dose of imatinib 400 mg. Blood samples for
metoprolol and a-hydroxymetoprolol measurement were taken on study
days 1 and 8, and on day 8 for imatinib.

RESULTS
Of the 20 patients enrolled, six patients (30%) were CYP2D6 intermediate
metabolizers (IMs), 13 (65%) extensive metabolizers (EMs), and the CYP2D6
status in one patient was unknown. In the presence of 400 mg twice daily
imatinib, the mean metoprolol AUC was increased by 17% in IMs (from
1190 to 1390 ng ml-1 h), and 24% in EMs (from 660 to 818 ng ml-1 h).
Patients classified as CYP2D6 IMs had an approximately 1.8-fold higher
plasma metoprolol exposure than those classified as EMs. The oral
clearance of imatinib was 11.0 � 2.0 l h-1 and 11.8 � 4.1 l h-1 for CYP2D6
IMs and EMs, respectively.

CONCLUSIONS
Co-administration of a high dose of imatinib resulted in a small or
moderate increase in metoprolol plasma exposure in all patients regardless
of CYP2D6 status. The clearance of imatinib showed no difference between
CYP2D6 IMs and EMs.
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Introduction

Imatinib (formerly STI571; Gleevec®) is a tyrosine kinase
inhibitor with proven efficacy in the treatment of chronic
myelogenous leukaemia (CML) and gastrointestinal
stromal tumours (GIST) [1, 2]. Imatinib has favourable
pharmacokinetic (PK) characteristics, including rapid and
complete oral bioavailability (98%) and a proportional
dose-exposure relationship [3, 4]. Its terminal half-life is
approximately 20 h, allowing for once daily dosing. Despite
a favourable PK profile, drug–drug interactions may occur
because imatinib has been shown to interact with certain
cytochrome P450 (CYP450) metabolizing enzymes. Ima-
tinib undergoes metabolism mainly through the major
isozyme CYP3A4, although CYP1A2, CYP2D6, CYP2C9, and
CYP2C19 also contribute to a minor extent [3]. CGP74588 is
a major metabolite of imatinib, which has a similar biologi-
cal activity and represents approximately 20% of the
parent drug plasma concentration in patients. Drugs that
inhibit or induce the CYP3A4 isozyme have been shown to
alter imatinib PK exposure [5–9]. In vitro studies show that
imatinib is a competitive inhibitor of 3A4/5 and 2D6
isozymes with Ki values of 8 and 7.5 mM, respectively [3].
In patients with CML, imatinib 400 mg four times a day
increased the plasma exposure of simvastatin, a CYP3A4
substrate, by approximately three-fold [10]. The present
study investigated the effect of imatinib on drug exposure
of metoprolol, a CYP2D6 substrate in CML patients with
known CYP2D6 phenotypes.

Metoprolol, a selective b1-adrenoceptor antagonist, is a
well-investigated drug with widespread clinical use. It
undergoes significant first pass metabolism with approxi-
mately 85% of the dose converted mostly into an inactive
metabolite, a-hydroxymetoprolol, via CYP2D6 [11–13].
Metoprolol is often used as a CYP2D6 probe substrate for
clinical drug–drug interaction studies. The CYP2D6 gene is
highly polymorphic; over 70 distinct alleles and allele vari-
ants have been described [14,15],which may differ substan-
tially in their ability to metabolize CYP2D6 probe substrates.
The CYP2D6 ultra-rapid metabolizers (UMs), extensive
metabolizers (EMs), intermediate metabolizers (IMs), and
poor metabolizers (PMs) compose about 3–5%, 70–80%,
10–17%, and 3–7% of the Caucasian population, respec-
tively [14–17]. In the Chinese population, CYP2D6 PMs are
infrequent,approximately 1% of the population (vs. 3–7% in
Caucasians and 2–7% in African Americans) [16–20]. In the
present study 20 patients with CML were genotyped to
participate in the drug–drug interaction study between
imatinib and metoprolol. The effect of CYP2D6 phenotype
status on the extent of the interaction was also explored.

Methods

This was an open-label, one-sequence study of 20 patients
with Philadelphia chromosome positive (Ph+) early phase

CML. The study was conducted according to the ethical
principles of the Declaration of Helsinki and the study pro-
tocol was approved by the Independent Ethics Committee
of Shanghai Ruijin Hospital.Informed consent was obtained
from each patient prior to enrolment into the study.

Patients
Male or female Chinese patients (�18 years of age) with
histologically or cytologically confirmed Ph+ CML who
were imatinib naïve, were eligible for the study. Patients
were required to have Eastern Cooperative Oncology
Group Performance status �3. Patients with significant
hepatic, renal, respiratory or cardiac abnormalities were
excluded. Patients receiving CYP2D6 inhibitors or with any
surgical or medical condition which might significantly
alter the pharmacokinetics of metoprolol or imatinib were
also excluded.

The CYP2D6 genotype status of patients was identified
using the AmpliChip CYP450Test (Roche Molecular System)
[21]. The assessment was performed by MDS Pharma Ser-
vices, Beijing, China, according to the manufacturer’s
instructions. Using this test, patients can be classified into
the following phenotype groups: ultra-rapid metabolizers
(UMs) who carry multiple copies of functional alleles pro-
ducing excess enzymatic activity; extensive metabolizers
(EMs) who possess at least one, and no more than two
normal functional alleles; intermediate metabolizers (IMs)
who possess one reduced activity allele and one null allele;
and poor metabolizers (PMs) who carry two mutant alleles
which result in complete loss of enzyme activity [22].

Study design
Patients received a single oral dose of metoprolol 100 mg
(as two Betaloc® 50 mg tablets, AstraZeneca Co.,Wuxi New
District, Jiangsu, P.R.China) on study day 1 after an over-
night fast. On study days 2–10, imatinib 400 mg (as four
100 mg hard gelatin capsules) was administered twice
daily for a total daily dose of 800 mg. On study day 8, an
oral dose of imatinib 400 mg was given under fasting con-
ditions, and a single oral dose of metoprolol 100 mg was
administered 1 h after imatinib dosing. Lunch and dinner
were served 4 h and 12 h, respectively, after drug adminis-
tration on days 1 and 8.

Patients were instructed to avoid strenuous physical
exercise, alcohol, xanthine (e.g. caffeine) and grapefruit
containing food or beverages and St Johns wort 2 days
before the study and during the study period.

Safety assessment and monitoring
Safety assessment included the collection of all adverse
events (AEs), serious adverse events (SAEs), with their
severity and relationship to study drug, and pregnancies.
Regular monitoring consisted of concomitant medications
and significant nondrug therapies, ECG recordings, and
routine haematology, blood chemistry and urine analysis.
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Vital signs, physical condition and body weight were also
assessed.

PK sample collection and analysis
Blood samples for determination of metoprolol and
metabolite plasma concentrations were taken predose
and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 12, 24, 36 and 48 h after
metoprolol administration on study days 1 and 8. Blood
was collected for measurement of imatinib and metabolite
(CGP74588) plasma concentrations prior to the first,
second and third imatinib doses (days 2 and 3 after the first
metoprolol dose) and prior to the morning doses on days
7, 8, 9, and 10. A full concentration profile over the 12 h
dosing interval (0.25, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, and 12 h)
was obtained on day 8 following the morning dose. The
plasma concentrations of imatinib and CGP74588 were
determined by liquid chromatography and tandem mass
spectronomy (LC/MS/MS). The limit of quantification was
5 ng ml-1 for both imatinib and CGP74588; the assay was
fully validated [23]. The accuracy and precision were
104% � 6% at the lower limit of quantification (LLOQ) and
99% � 5% to 108% � 5% over the entire concentration
range of 4–10 000 ng ml-1. Plasma samples were analyzed
for metoprolol and its metabolite a-hydroxymetoprolol by
Pharma Bio Research, Zuidlaren, the Netherlands using a
validated HPLC method with fluorescence detection [24].
Using 1 ml of plasma, linearity was demonstrated over the
calibration range of 1–500 ng ml-1 for metoprolol and
a-hydroxymetoprolol.The total CV was below 15% (20% at
the LLOQ) and the (overall) bias was within �15% of the
nominal value (� 20% at the LLOQ).

The following PK parameters for metoprolol and its
metabolite a-hydroxymetoprolol were estimated using
noncompartmental methods (WinNolin Pro, Version 3.2,
Pharsight Corp, Mountain View, CA): area under the plasma
concentration vs. time curve from time 0 to infinity
(AUC(0,�)), maximum plasma drug concentration after
administration (Cmax), and time to reach maximum plasma
drug concentration (tmax). The apparent total body clear-
ance (CL/F) of metoprolol was calculated as Dose/
AUC(0,�), and its metabolic to parent drug ratio (MR) was
estimated as the AUC(0,�) ratio of a-hydroxymetoprolol to
metoprolol. For imatinib and its metabolite CGP74588,
Cmax, tmax, AUC(0,12 h) and CL/F (imatinib only) were calcu-
lated for the 12 h dosing interval on day 8. The MR of
imatinib was also calculated as the AUC(0,12 h) ratio of
CGP74588 to imatinib. The accumulation ratio (R) was cal-
culated based on the trough concentrations of imatinib
and CGP74588 determined at 12 h after the morning dose
on day 8 (day 7 relative to imatinib dosing time) relative to
the trough concentrating following the first imatinib dose
using the following equation:

R =
− −( )

1

1 exp λ τz

(1)

where lz is the elimination rate constant and t is the
dosing interval (12 h for imatinib). The effective half-life
was calculated by t1/2 = 0.693/ lz.

Statistical analysis
Based on an intrapatient coefficient of variation of 20% for
metoprolol AUC, it was expected that a sample size of 18
patients would provide at least 80% power in claiming no
effect of imatinib on metoprolol PK parameters (AUC and
Cmax) using the default no effect region (90% confidence
interval [CI] of log parameter ratio within 0.8,1.25).Descrip-
tive statistics of metoprolol pharmacokinetic parameters
included geometric and arithmetic means, standard devia-
tion (SD) and coefficient of variation (CV). Median values
and ranges were provided for Tmax. Imatinib PK parameters
obtained from Day 8 were summarized similarly.

Analysis of variance (ANOVA) was used to analyze the
log-transformed Cmax, AUC, and CL/F of metoprolol. For
each PK parameter the model included treatment as a
fixed factor and subject as a random factor. A point esti-
mate and its 90% CI for the difference between least
squares means with (test treatment) and without
co-administration of imatinib (reference treatment) was
calculated.This estimate and its 90% CI were antilogged to
obtain the point estimate and the 90% CI for the ratio
of geometric means on the untransformed scale. Absence
of drug–drug interaction could be claimed if the 90% CI of
the ratio of the geometric means was completely con-
tained in (0.8, 1.25). Additionally, Wilcoxon signed rank test
was performed on (untransformed) within-subject test–
reference differences in metoprolol tmax.

Results

Twenty patients (16 male, four female) were enrolled and
completed the study. All patients were native Chinese, with
mean age of 40.5 (� 11.0) years and mean body weight of
72.1 (� 12.1) kg. A total of seven different CYP2D6 geno-
types were identified, with CYP2D6*1 (28.9%), *2 (7.9%)
and *10 (52.6%) being the most common alleles. Based on
the CYP2D6 genotype, six (30%) patients were classified as
IMs, 13 (65%) as EMs and one (5%) patient’s genotype
could not be determined due to technical difficulties
(Table 1). No PMs or UMs were identified.

Imatinib trough plasma concentrations accumulated
with time, including a rapid accumulation following the
first two doses and a plateau phase between days 7 and 10
(days 6–9 relative to imatinib dosing time). The day 8
plasma concentration–time profiles of imatinib and
CGP74588 are shown in Figure 1. On day 8, imatinib
maximum plasma concentration (Cmax) and the AUC were
4245 ng ml-1 and 39 041 ng ml-1 h, respectively (Table 2).
The accumulation ratios for imatinib and CGP74588 esti-
mated based on the trough values (day 8 evening trough
to day 2 evening trough) were 3.57 � 1.24 and 4.35 � 1.45,

Effect of imatinib of PK of metoprolol
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respectively. The effective half-lives for imatinib and
CGP74588 estimated based on the accumulation factors
were 25.3 � 10.4 h and 31.8 � 12.1 h, respectively. The
metabolic ratio of imatinib, calculated as the AUC(0.12 h)
ratio of CGP74588 to imatinib on day 8, was approximately
0.17. The clearance of imatinib estimated based on one
dosing interval on day 8 was approximately 11.3 l h-1. No
significant differences were observed in the pharmacoki-
netic parameters of imatinib between CYP2D6 IMs and
EMs.The mean metabolic ratio of imatinib was 0.16 � 0.04
for IMs and 0.17 � 0.04 for EMs (Table 2).

The plasma concentration–time profiles and PK param-
eters for metoprolol are shown in Table 3 and Figure 2.
Patients classified as 2D6 IMs had a higher plasma expo-
sure of metoprolol (1195 ng ml-1 h) than those classified as

EMs (660 ng ml-1 h), an approximately 1.8-fold difference.
Consequently, IMs showed a lower metabolite exposure
(531 ng ml-1 h) than EMs (729 ng ml-1 h), an approximately
1.4-fold difference. The subject with an unknown 2D6
status had a low plasma exposure, 462 ng ml-1 h, more like
an EM subject. However, the metabolite concentration
from this particular subject was not as high as in an EM
subject.

In the presence of 400 mg twice daily imatinib, the
plasma Cmax and AUC values of metoprolol increased in all
patients (Table 3).The 90% CI of the geometric mean ratios
of Cmax and AUC(0,�) of metoprolol was not completely
contained in the interval (0.8, 1.25), suggesting a small,
albeit statistically significant interaction between imatinib
and metoprolol. In IMs, the mean Cmax increased by ~15%,
and the mean AUC values increased by 17%. In EMs, the
mean Cmax increased by 21% and the mean AUC values
increased by 24%. The overall AUC increase for metoprolol
was approximately 23%. Both the clearance and volume of
distribution of metoprolol (CL/F and V/F) were reduced
following co-administration with imatinib than metoprolol
alone.

In the presence of imatinib, the geometric mean Cmax

value of a-hydroxymetoprolol decreased by 8%, but did
not achieve a significant difference level.The 90% CI of the
geometric mean ratio of Cmax (0.87, 0.98) is contained in
the interval (0.8, 1.25). On the other hand, the AUC value
of a-hydroxymetoprolol increased significantly (by 34%)
in the presence of imatinib, with the 90% CI (1.27, 1.41)
not being contained in the interval (0.8, 1.25). The
metabolic ratio, calculated as the AUC(0,�) ratio of a-
hydroxymetoprolol to metoprolol, was not different
between with and without co-administration of imatinib,
0.972 and 0.893, respectively. Between IM and EM pheno-
types, the metabolite to parent drug AUC ratio was signifi-
cantly different (P = 0.01), with a mean value of 0.53 � 0.37
for IMs (n = 6) and 1.32 � 0.62 for EMs (n = 13).

Imatinib 400 mg twice daily was well tolerated during
the 8 day study period. One case of grade 2 pyrexia was
reported on study day 6 in one patient. This adverse event
lasted approximately 7 h and did not result in discontinu-
ation or alteration of the study medication. There were no
clinically significant changes in laboratory parameters,vital
signs or ECG examinations.

Discussion

Early studies have documented that that CYP2D6 *1 and *2
are normal functional alleles, *5 is a nonfunctional allele,
and *10 *36 and *41 are alleles with reduced activities [14,
15, 18, 25, 26].The frequency of major CYP2D6 alleles iden-
tified in the present study,28.9% for CYP2D6 *1,7.9% for *2,
and 52.6% for *10, was similar to those reported previously
for the Chinese population [18–20], although the sample
size was small for the present study. CYP2D6 *10, an allele

Table 1
Patient demographics (mean � SD) and CYP2D6 genotype/phenotype

status

Age (years) Weight (kg) CYP2D6 genotype

IMs (n = 6) 39.8 � 6.1 72.3 � 8.0 *10/*10 (n = 5)
*36/*41 (n = 1)

EMs (n = 13) 40.6 � 13.2 73.7 � 12.6 *1/*2 (n = 1)
*1/*10 (n = 9)
*1/*41 (n = 1)
*2/*10 (n = 1)
*2/*5 (n = 1)

NA (n = 1) 42 49 –
All (n = 20) 40.5 � 11.0 72.1 � 12.1 –

EMs, extensive metabolizers; IMs, intermediate metabolizers; NA, CYP2D6 status
unknown.
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Figure 1
Mean (� SD) imatinib and CGP74588 plasma concentration–time profiles
on day 8 (day 7 relative to imatinib dosing time) in Chinese patients with
CML (n = 20). CGP74588, ( ); imatimb, ( )
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coding for less active enzyme or low enzyme expression,
seems to be the most common allele, ~50%, in the Chinese
population, but it is rare in Caucasians [18].The presence of
this common and yet low enzyme activity allele seems to be
one of the major reasons for a different CYP2D6 phenotype
distribution between Chinese and Caucasians.The CYP2D6
EMs to IMs ratio for the Chinese population in the present
study was 65% to 30%, as compared with 75% to 17% for
Caucasians [16, 17]. The PK parameters for metoprolol
showed no major differences between Chinese or Cauca-
sian populations. For CYP2D6 EMs, the most common 2D6
phenotype for both populations, the clearance and half-life
of metoprolol were 175 l h-1 and 3.6 h, respectively, in the
present study (Chinese population), and were 168 l h-1 and

5 h, respectively, in Caucasians in one study [27] and
111 l h-1 and 2.9 h, respectively, in another reported in the
literature [28]. The PK parameters for CYP2D6 IMs and PMs
are often combined for Caucasians due to a low frequency
for both phenotypes.

When co-administered with imatinib, the average
plasma exposure to metoprolol was increased by approxi-
mately 23%, but the extent of increase appeared to be
slightly different between different 2D6 phenotypes. The
average plasma AUC of metoprolol was increased by 17%
in IMs, 24% in EMs, and 28% for the subject with unknown
2D6 status. Although a greater increase in exposure was
observed in EM patients, the elevated exposure of meto-
prolol in these patients was still lower than those in IM

Table 2
Pharmacokinetic parameters (mean � SD) of imatinib and its metabolite CGP74588 obtained for the 400 mg morning dose on day 8 in CML patients (n = 20)

Analyte Phenotype Cmax (ng ml-1) tmax (h)
AUC(0,12 h)
(ng ml-1 h) CL/F (l h-1) MR

Imatinib IMs (n = 6) 3920 � 841 2.5 (1, 4) 37 589 � 8 421 11.0 � 2.0 0.16 � 0.04
EMs (n = 13) 4109 � 1138 2 (0.5, 4) 37 091 � 11 163 11.8 � 4.1 0.17 � 0.04
NA (n = 1) 7950 4 73 139 5.5 0.14
All (n = 20) 4245 � 1330 2 (0.5, 4) 39 041 � 12 700 11.3 � 3.7 0.17 � 0.04

CGP74588 IMs (n = 6) 588 � 154 1.3 (1, 3) 5 975 � 1 652 – –
EMs (n = 13) 656 � 186 2 (0.5, 5) 6 166 � 1 522 – –
NA (n = 1) 970 2 10 426 – –
All (n = 20) 651 � 186 2 (0.5, 4) 6 320 � 1 770 – –

IMs, intermediate metabolizers; EMs, extensive metabolizers; NA, unknown CYP2D6 status; MR, metabolic to parent drug AUC ratio. Cmax, maximum observed concentration; tmax,
time to reach Cmax (tmax presented as median and range); AUC(0,12 h), area under the plasma concentration–time curve from time 0–12 h; t1/2, elimination half-life; CL/F, oral
clearance; MR, metabolic ratio calculated as the AUC(0,12 h) ratio of CGP74588 to imatinib.

Table 3
Metoprolol and a-hydroxymetoprolol PK parameters (mean � SD) in patients with CML after a single 100 mg dose metoprolol alone (day 1) and in

combination with imatinib (day 8) (n = 20)

Analyte Day Phenotype Cmax (ng ml-1) tmax (h)
AUC (0,�)
(ng ml-1 h) t (h) CL/F (l h-1) MR

Metoprolol 1 IMs (n = 6) 177 � 55.9 2 (1, 4) 1190 � 365 4.8 � 0.5 95 � 44 0.53 � 0.37
EMs (n = 13) 131 � 49.2 2 (1.5, 3) 660 � 337 3.6 � 1.0 175 � 59 1.32 � 0.62
NA (n = 1) 76.7 2 462 3.6 216 1.23
Data pooled (n = 20) 142.2 � 55.2 2 (1, 4) 811 � 418 3.9 � 1.0 153 � 66 1.08 � 0.65

8 IMs (n = 6) 204 � 54.5 2.5 (1.5, 3.1) 1390 � 376 4.9 � 0.7 78 � 227 0.60 � 0.36
EMs (n = 13) 159 � 48.3 2 (1.5, 4) 818 � 397 3.7 � 1.1 141 � 48 1.36 � 0.62
NA (n = 1) 152 1.5 591 3.8 169 1.46
Data pooled (n = 20) 171.9 � 52.0 2 (1.5, 4) 979 � 465 4.1 � 1.1 123 � 51 1.14 � 0.64

a-hydroxy-metoprolol 1 IMs (n = 6) 33.6 � 10.7 3.5 (1.5, 5) 531 � 109 9.8 � 1.1
EMs (n = 13) 56.5 � 19.2 2 (1.5, 3) 729 � 143 8.9 � 1.1
NA (n = 1) 53.7 5 569 7.3
Data pooled (n = 20) 49.5 � 19.4 3 (1.5, 5) 662 � 158 9.1 � 1.7

8 IMs (n = 6) 32.1 � 7.6 4.1 (3, 8) 751 � 209 10.2 � 2.0
EMs (n = 13) 49.5 � 15.1 3 (2, 5) 946 � 174 10.3 � 2.1
NA (n = 1) 64 3 865 9.2
Data pooled (n = 20) 45.0 � 15.6 3 (2, 8) 883 � 197 10.2 � 1.9

IMs, intermediate metabolizers; EMs, extensive metabolizers; NA, unknown CYP2D6 status; MR, metabolic to parent drug AUC ratio. Cmax, maximum observed concentration; tmax,
time to reach Cmax (tmax presented as median and range); AUC(0,�), area under the plasma concentration–time curve from time 0 to infinity; t1/2, elimination half-life; CL/F, oral
clearance; MR, metabolic ratio calculated as the AUC(0,�) ratio of a-hydroxymetoprolo to metoprolol
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patients in the absence of imatinib on day 1 or in the
presence of imatinib on day 8.

The formation of a-hydroxymetoprolol appeared to be
inhibited by imatinib as shown by a somewhat decreased
Cmax value (approximately 8%), although not achieving a
statistically significant difference level. The tmax value was
also prolonged slightly from a mean 3.2 h to 5 h in IM and
from 2.4 h to 3.4 h in EM patients. Interestingly, the plasma
AUC exposure of hydroxymetoprolol showed an increase
in all patients, approximately 34% in all 20 patients com-
bined, or ~41%, 30%, and 52% for IM, EM, and the subject
with unknown 2D6 status, respectively. The exact mecha-
nism for the increase in hydroxymetoprolol AUC is still
unclear. If only the formation of a-hydroxymetoprolol,
which is mediated by CYP2D6, is inhibited by imatinib, the
plasma AUC of a-hydroxymetoprolol should be decreased
as for the Cmax value, not increased. Thus, these results

might suggest that the elimination of the hydroxy metabo-
lite was probably decreased in the presence of imatinib,
and the extent of the decrease in the elimination (or sec-
ondary metabolism) of the metabolite was probably more
profound than the decreased formation rate, resulting in a
net increase in plasma exposure.

The plasma Cmax and AUC values of imatinib observed
in Chinese patients with CML from the present study,
4245 ng ml-1 and 39 041 ng ml-1 h, respectively, appeared
to be slightly (approximately 15%) higher than those in
Caucasian patients with CML reported at the same dose
(800 mg daily) from the phase I study [4], 3702 (� 1434)
ng ml-1 and 34 200 (� 14 900) ng ml-1 h, respectively. The
effective half-life estimated based on the accumulation
factor from the present study was approximately 25 h,
somewhat longer than that in Caucasians, approximately
20 h [4]. Comparing the clearance values, which could be
estimated from different doses since imatinib demon-
strated a linear dose-exposure relationship, the results
showed no major differences between the two patient
populations (<25%), though the clearance in Chinese
patients with CML (11.3 l h-1) appeared to be in the lower
end of the values reported for Caucasian patients with
CML, between 10 and 14 l h-1 [4, 29, 30].

The recommended starting dose of imatinib for both
CML and GIST is 400 mg day-1, with escalation to 600 and
800 mg day-1 if the patient does not respond to the start-
ing dose. To maximize the potential interaction between
imatinib and metoprolol, the high dose of imatinib
800 mg day-1 was selected. At 800 mg daily dose, the peak
plasma concentration of imatinib observed in the present
study, 4245 ng ml-1 (~8.6 mM), was of the same order of
magnitude as the in vitro Ki value of 7.5 mM for CYP2D6
inhibition without considering the protein binding in vitro
and in vivo. Under these experimental conditions, the per-
centage increase in metoprolol plasma AUC was consid-
ered to be small or moderate, 23% overall, and 17% for IMs
and 24% for EMs.These values seem to be in line with what
would be predicted based on the in vitro Ki value, imatinib
peak plasma concentration [I], and the fraction of meto-
prolol metabolized by CYP2D6 (fm) according to the fol-
lowing equation [31]:

AUCi

AUC fm

I K
fm

i

=

+ [ ]
+ −( )

1

1
1 (2)

With a fm value of 0.85 for metoprolol, a peak plasma
concentration [I] of 8.6 mM for imatinib and a Ki value of
7.5 mM, the predicted AUCi : AUC ratio will be 1.8-fold
assuming the same protein binding in plasma (95%
bound) and in microsomal incubate. Since there are less
proteins in the in vitro incubate than in plasma, the free
fraction of imatinib in incubate would be higher than that
in plasma. Thus, for a given free fraction in the incubate of
10%, 20%, and 30% while maintaining the same free frac-
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Mean metoprolol (M) and a-hydroxymetoprolol (HM) plasma
concentration–time profiles on day 1 (control) and day 8 (treatment with
imatinib) for intermediate metabolizers (IMs, n = 6) and extensive
metabolizers (EMs, n = 13)
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tion in plasma (5%), the AUCi : AUC ratio would be 1.45-,
1.23-, and 1.16-fold, respectively. These predicted values
are comparable with the average value, 23% estimated in
the present study.

In conclusion,co-administration of a high dose imatinib
resulted in a moderate increase in metoprolol plasma
exposure for both the peak or AUC values. Although the
increase appeared to be greater in patients who were
extensive 2D6 metabolizers, the elevated concentration in
these patients was still lower than those in intermediate
metabolizers under control conditions (without imatinib).
Thus, CYP2D6 status does not appear to be a risk factor
for metoprolol or other CYP2D6 substrates when
co-administered with imatinib.The clearance of imatinib in
Chinese patients with CML showed no difference between
CYP2D6 IMs and EMs and no major difference from Cauca-
sian patients with CML based on data reported in the
literature.

The financial support for this study was from Novartis.
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